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Beenenne

CymiecTByromas cxema 3alliThl IEPBOTO KOHTYpa OT MPEBHIIICHUS IaBJICHUs Ha dHeproodsokax Ne 1
u 2 PoBerckoit ADC BkiIrO4aeT B ce0s1 J1Ba MPEIOXPAHUTEIBHBIX KIIallaHa, mpucoeanHeHHbIX K K1,
KOTOpBIE HE YAOBJIECTBOPSIOT TPEOOBAHUSAM HOPMATUBHO-TEXHUYECKON JOKYMEHTAIIUHU, ACHCTBYIOLICH

Ha praI/IHe, 1 UMCIOT Pl CYHICCTBCHHBIX HCAOCTATKOB, OCHOBHBIMH U3 KOTOPBIX ABJISIFOTCS:

e He obecreunBaeTcs HajexHass pabora Ha AByX(]as3HO# cpene, Bojae, MPH YepeTOBAHUH
Cpex, 4TO MPUBOAMUT K BO3MOXKHOCTH 3aKJIMHHBAHUSA B OTKPBHITOM COCTOSHHH B CIIydae

MNEPEXOAHOrO IMpouecca, MpUuBOAAIICTO K OTKPBITHUIO KIIAITAHOB,

® KOHCTPYKIMEH KjamaHa HE MpeayCMOTpeHa BO3MOXKHOCTh KOHTPOJS TOJOKEHHS
[JIABHOTO M UMIYJIbCHBIX KJIAMlaHOB (OTKPBITO - 3aKPHITO), YTO MPHUBOJIUT K

HCBO3MOXHOCTH JOCTOBEPHOI'O OMPEACIICHUS ITOJTOXKCHUSA I'NTaBHBIX KJIAIIaHOB,

e He obecrieunBaeTCsa BO3MOXKHOCTD MNPUHYAUTCIIBHOTO JUCTAHIUOHHOI'O OTKPBITUA , UTO

MPUBOAUT K HEBO3MOXKHOCTHU peanu3auuu npouenyps! "feed and bleed";

e He olecrieuyMBaeTCs 3alUTa OT MEPEONPECCOBKH OOOpPYIOBAaHHUS IEPBOTO KOHTYypa B

XOJOJHOM COCTOSHHH.

JIist ycTpaHeHUs BBIIICTIEPEYUCICHHBIX HEJOCTATKOB CUCTEMBI 3alllUThl IEPBOTO KOHTYpa OT MPEBBI-
IIeHUs JaBjeHuss Heooxoaumo mpousBectu 3ameny UITY K]l ycrapeBmielt KOHCTPYKITUU Ha yCTPOM-
CTBa HOBOM KOHCTPYKIIMH yIOBJIETBOPSIIOIINE BCEM YCIOBHSIM O€30MAaCHOM IKCIITyaTallui U TpeboBa-
HusMm paeiictByromeir HTJ[ mo Oe3zomacHoctu. B cooTBercTBMM ¢ TpeOOBaHMM HOPMATHBHO-
TEXHUYECKON TOKYMEHTAIUH, ACHCTBYIONIEH B YKpauHe, N3MEHEHHs B CUCTeMaXx, BaKHBIX JUIs 06e30-
MAaCHOCTH, JIOJDKHBI OBITh OOOCHOBaHBI CHEIHATbHBIMHU aHaIM3aMH, MOATBEpXKAaoIMMU Oe3ormac-
HOCTh 3kcruryaTanuun ADC. B 3Toil cBS3M BO3HHUKAET HEOOXOIUMOCTH MPOBEJACHUS Psiia TETUIOTHI-

PaBINYCCKUX U MMPOYHOCTHBIX aHAJIN30B, IPUYCM BBIIIOJTHAKOTCA OHHU B [IBA 3TaIla:

1. Amnanus, mpoBOJUMBIH C 11eNbI0 000cHOBaHMs TpeboBanuii kK HOBbIM UITY KJI (pexxumsbl pabo-
ThbI, BpEMEHA OTKPBITHSI/3aKPBITHSI, TPOIMYCKHAs CIOCOOHOCTH U T. A.). TO €CTh B IaHHOM aHa-
JIU3€ paccMaTpUBAETCS HEKOTOpOe aOCTPaKTHOE YCTPOMCTBO, KOTOpOE BKIIOYAET B ceOs Bce
CylIeCcTBYIOIIHE xapakTepucTuku «craporo» UITY K] u Bce HeoOXoauMblie OCOOEHHOCTH
KOHCTPYKLIMU, KOTOPBIMH JIOJDKHA 00JIafaTh «HOBAsH» CHUCTEMA 3allMThI MIEPBOTO KOHTYpa OT

IPECBBIMICHUS JaBJICHU.

2. Amnamu3 6e3onmacHoctd ADC mociie Beibopa koHcTpykimu HoBoro UITY K], ¢ yuerom Bcex
0COOEHHOCTEH M MPEATIOKEHHBIX TEXHUYECKUX PEIICHUH pa3paboTunKaMu HOBOTO YCTPOMCT-

Ba.



B nannO# paboTe mpencTaBieHBl pe3yNbTaThl TEMJIO-THAPABIMYECKUX AHAJIM30B, BHIOJHEHHBIX Ha
MIEPBOM JTalle ¢ Lenbio 00ocHOBaHUs TpeboBanuit k HOBbIM UITY KJI /i BeimonHeHus GpyHKIMM 3a-
IIUTHI KOPITyCa PeakTopa U 00OPYAOBaHHS MEPBOrO KOHTYpa OT MEPEONPECCOBKU B COCTOSHUHU «XO-

JIOIHBII OCTAHOBY.

B otnrume oT aHamM30B EPEXOIHBIX MPOIECCOB MPpU padote PY Ha MOIHOCTH, KOTOPBIX OBLIO MPO-
JIeNIaHO JOCTATOYHO OOJIBIIOE KOJIMYECTBO, pabOT MO pacdyeTaM MepexoaHBIX MPOIECCOB ObLIO MPOBe-
JIEHO OTPAaHWYEHHOE KOJMYECTBO M TaKWe€ 3aJauyM, KaK MPABUIIO, PEIIATUCh KAYECTBEHHON OIEHKOU
0e3 TMoy4YeHHs KOHKPETHBIX 3HaueHHWi mapameTpoB PY. B kadecTBe TemoruapaBIndecKoro Koja
JUTSl TIPOBEJICHUS JTAHHOTO CIIEKTpa aHAIM30B ObLT ucmoiab3oBaH ko RELAPS mod 3.2, kotopsrii no-
Ka3zaJl JOCTATOYHO KOPPCKTHBIC PC3YJILTAThI IIPH MMPUMCHCHUHN TPAJUIHWOHHBIX MMOAXOAO0B K MOACIIN-

poBaHuio obopynoBanus PY.

N CXOTHBIE JAHHBIE U TPAHUYHBIE YCJIOBUS
«XonogHoe» cocrosiHue PY xapakrepusyercs CleayroluMu TapaMeTpaMu:
® pPEAKTOp MOAKPUTUYCH;

e COueTaHHWE JABJICHUs U TEMIEpaTypbl METAIa KOPITyCa PEaKTopa YAOBIECTBOPSIIOT IPUHITOMY
KPUTEPHIO COMIPOTHBIICHUS XPYIKOMY Pa3pyIICHUIO (JaBICHUE B TIEPBOM KOHTYpE HE JOJDKHO

npessbiwars 50 kre/cm” (4,9 MITa) mpu cpereii Temmeparype TeruosocuTerst Meree 130°C);

e KOHIIEHTpalus OOpPHON KHUCIOTHI B TEILNIOHOCUTENE MEPBOr0 KOHTYpa, 0OecreunBaromas

MOJKPUTHUYHOCTh peaKTopa, He MeHee 16 T/kr

e OTKpHITHI Bce ['33;

kacceTbl APK onyiiieHsl Ha )KE€CTKHE YITOPBI U CHATO MMUTAHUE C TIPUBOJIOB.
OtBonx Teruia ot PY obecnieunBaetcst paboTOM CUCTEM BTOPOTO KOHTYpA.

OTBOZ OCTaTOYHBIX TEIJIOBBIJEICHNUI OT aKTUBHOM 30HBI peakTopa ocyuecTsistercsa Tpems I'IIH. Co-
OTBETCTBYIOIIIME NTAPOT€HEPATOPBI CO CTOPOHBI BTOPOTO KOHTYpPa M MapOIPOBOABI 3aII0JHEHBI BOJOM.
[Mupkynsanus BOABI BTOPOTO KOHTYpPa OCYIIECTBIIAETCS HACOCAMHU PACXOIAKUBAHUA IO 3aMKHYTOMY
KOHTYpY: IIApOTr€HEPaTOpPbl — MapOIpPOBOABI — PEAYLHUPYIOIIEE YCTPOUCTBO PacXOilakKUBaHUSA — TEX-

HOJIOTHYECKHUI KOHACHCATOP — HACOC PACXOJIa’)KUBAHUS - ITAPOTCHECPATOP.

AHaNM3bl KCXOTHBIX COOBITHI MEPEXOHBIX MPOLIECCOB ISl COCTOSIHUS PY «X0I0AHBINY» OCTAaHOB BBI-
MIOJTHSIOTCS € LIETbI0 pa3paboTku TexHudeckux TpedoBanuii k UITY K]I npu BeimonHeHUN QyHKITANA

3aI0UTEI IIEPBOTO KOHTYpPA OT IMPEBBIIICHUA AaBJICHUA B «XOJIOAHOM) COCTOSHUU.



B cooTBeTcTBUM C MPUHSATHIM KPUTEPUEM IO COMPOTUBICHHUIO XPYIKOMY Pa3pyIICHUIO, TaBICHHUE B
IEPBOM KOHTYpE He JOJDKHO mpeBbimarsh 50 kre/cm*(4,9 MITa) mpu cpexseil TeMmepaType Meraluia
kopmyca peakropa 130 °C.

Ananus NEPCXOAHBIX IMPOLECCOB BBIMOJIHAJICA NPU CICAYIOIMIUX HAYAJIbHBIX YCJIOBUAX peaKTopHoﬁ

YCTaHOBKHU:

e peakTopHas ycTaHoBKa Haxoautcsa Ha 0 % HEWTPOHHON MOIIHOCTH (TEIIOBas MOIIHOCTh
peaktopa, omnpezensemMas OCTaTOYHbIMHM TEIUIOBbIAEIECHUAMH, cooTBeTcTBYeT 1,02 %
HOMMHAJIbHON MOITHOCTH);

® QJITOPUTM CHUCTEMBI 3aIIUTHI U YIPABICHUS PEAKTOPA OCYIECTBISETCA B COOTBETCTBUH C
MIPOCKTHBIMHU YCTaBKaMHU U OJIOKMPOBKaMU It cocTosiHUA PY "XomoaHbIi ocTaHOB";

® [peaycMaTpUBAETCS HEBMEIIATEIbCTBO OINEPATHUBHOTO MEPCOHANIA B TEUEHHUE BCETO
pacyeTHOTO BPEMEHH;

e OTKpHITHI Bce ['33;

e co3maHa a3oTHas noaymka B K/I;

e [puUHHMaeTcd, 4To B pabdore HaxoaaTcs Tpu ['TIH, ¢ menpio JOCTHKEHUST MUHUMAJIbHOM
HAYaJbHOW TeMIIepaTyphl TEIIOHOCUTENS B MIEPBOM KOHTYpE (KOTUYECTBO pabOTAIOMINX
I'lIH onpenensieTcst Tak e 0COOEHHOCTSIMU TpexmeTiieBor Mmoaenu PY);

® OTBOJl OCTAaTOYHBIX TEIUIOBBIACICHUN OT AKTUBHOM 30HBI PEAKTOpPA OCYIIECTBIISIETCS
yepe3 TpU MaporeHeparopa (oCTajibHbIe TApOTreHEPaTOPhl HE 3aII0JIHEHBD );

e yuuThiBaeTcsa padbora tonpko UITY K], asa MakcMManbHOTO HArpy»XeHUs MOCIEAHUX B
pacyerax.

B kauecTBe UCXOAHBIX JAaHHBIX JUIS BHIIOJHEHUS aHAIM30B BbIOpaHbl mapameTpsl o PY nepen okon-
YaTeTBHBIM CHIDKCHHEM [aBICHHS B IIEPBOM KOHTYpe 10 3-5 krc/cm(0,29-0,49MITa). B rabmume 1

IMPUBCACHBI OCHOBHBIC XapaKTCPHUCTHUKH PV B cocTosHUMN ((XOHOHHBIﬁ)) OCTaHOB.

Tab6muna 1

HanmenoBanue napamerpa Bennunna
1 TerutoBast MOIIHOCTH peakTopa (OCTaTOYHBIC TETIIIOBBIICICHUS L02%
aKTUBHOM 30HBI), MBT
2 JlaBiieHHE B IEPBOM KOHTYpE, KFC/CMZ(MHa) 20(1,9)
3 Cpennsis TemriepaTypa TeIIoHOCUTe s B riepBoM KoHTYype, °C (K) 67,7
4 Yposens B K/ (o1 quuima), M 8,1
5 JlaBienue B maporeHeparope, kre/cm’(MITa) 3,5(0,34)
6 Pacxon TemioHOCHTENS CO CTOPOHBI BTOPOTO KOHTYPA, M4 250

IlocraBnena 3agaya: BBIIIOJHUTH aHAIIU3 I10 000CHOBaHHUIO OE30MMaCHOCTH C HCJIBKO OIIPCACIICHUS ITPO-
CKTHEBIX XapaKTCPHUCTUK HOBOM CHCTEMBEI 3allIMTHBI OT MPEBBINICHUA JaBJICHUS.

C nenpio o0ocHOBaHUA AonodHUTENbHON QyHKiuu UITY K/, nist 3ammTsl nepBoro KOHTypa OT Ie-
PEOTPECCOBKU B COCTOSIHMM XOJIOAHOTO OCTaHOBa, HeoOxoaumo obecrieunTs oTKphiTHe UITY K] mpu
JaBJIEHUH B IEPBOM KOHTYpe 50 kre/cm(4,9 MITa). IIpoexTHas KpuBas OXpYNYMBaHUs IIPEICTABICHA
Ha puc. 1.



Xapakrepuctuku UITY K/ n nepeueHs 3amut U OJIOKUPOBOK CUCTEMBI 3aIIUTHI IIEPBOTO KOHTYpA OT
IIPEBBIILICHHS JaBJIECHUS NpeICTaBIeHbl B Tabnuuax 2,3.

Tabnuua 2 XapakrepucTrka 060py10BaHUs

HaunmenoBanue napametTpoB Bennunna

JlaBneHre OTKPBITHUSA/3aKPBITHS MPEIOXPAaHUTENbHBIX ycTporcTB KJI,
kre/em® (MIIa) (st cocrosirmst PY "xooxHsIi octaHoB"):

e koHTponbHbId UITY K] 50,0 (4,904)/45,3(4,44)

e paboumii UITY KJ| 50,05 (4,956y46,3(4,54)
[Tpomycknas cocooHocts UITY KJI mo mapy (mpu pacueTHOM JaBiie- 115
HUH U TeMIieparype), /4
Pacuernoe nasienue, kre/cm” (MITa) 154 (15,2)
Pacuernas Temmneparypa, °C (K) 345
Kommuectro UITY K] 2
I'mapoeMkocTs:

e TONHBIA 00beM, M 70

e  00BEM BOJBL M 40-50

e 00beM aszora, M’ 30-20

e Ttemmeparypa cpensl, *C (K) 60 (333)

e naBnenue, kre/cm” (MITa) 55-60 (5,4-5,9)

® KOJUYECTBO 4

e  KOHIICHTPAIUS OOPHOM KHUCIIOTHI, T/KT 16
Hacoc pacxonaxxuBaHus 4epe3 TEXHOJIOTHUECKHUI KOHICHCATOP:

e HOMHUHAaJILHAS [10J1a4a, M/g 500

e HOMHHAJIbHBII HANOP, M 70

® KOJMYECTBO 3
TexHOIOrn4eCcKnii KOHAEHCATOP:

e I[OBEPXHOCTH TEIUIOOOMEHA, M 420

*  PACXOJ OXJIAXKIACMOMH CPeIbl, M /4 500

®  pacxoJ TEXHUYECKOU BOJIBI, Mg o 1200

®  KOJIMYECTBO 2

Tabnuua 3 TexHonmorMueckue 3amuThl 1 0JI0KUpoBKU Ha cpabaTsiBanue UITY KJ|

broxuposku no UITY KJ{ 3alUTHOE NEMCTBHE

Jasnenue B nmaposoil yactu KJI 50,0 Kre/cM” OtxkpeiTue koHTposnbHOro UITY KJT
(4904 MTla) u 6o1ee

JlaBnenne B mapoBoii uactu KJI 453 krc/cm” | 3akpeiTre KoHTponsHOro UITY KJI
(444 Mlla) u Gonee

Hasnenue B maposoii yactu KJ[ menee 50,05 | OtkpoiTue padouyero UITY KJ|
kre/em’ (4956 MITa)

Hanenne B mapoBoit wactu KJ[ wmenee | 3akpeitue pabouero UITY K]
463 xre/em’ (4,54 MITa)

JaBnenne B Oake-OapOotepe  Oosee | Pa3pbIB mpeaoxpaHUTEIHFHON MEMOpaHbI
14,5 kre/em? (1,42 MITa)
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BbIBOP AHAJIM3UPYEMBIX UCXOJHBIX COBBITHI

ITpu BbIOOpE UCXOIHBIX COOBITHH YUUTHIBAIHUCH AonoaHUTENbHbIE QyHKIMH 11t UITY K], a umenHo:

3aluTa MEpBOro KOHTypa OT NPCBBIICHUA JaBJICHHUA B XOJIOAHOM COCTOSAHHU.
Hns pexkuma PY B COCTOSIHUM «XOJIOJTHBIA OCTAHOBY» PACCMOTPEHBI PEKUMBI, CB3aHHBIE C:

¢ YMCHBUICHUCM TCIIJIOOTBOJAa CO CTOPOHBI BTOPOI0 KOHTYypa — HOTCPA OXJIAXKIACHUSA

TEXHOJOTMYCCKOIr'0 KOHACHCATOPA,

® BBEJCHHUEM JIOTIOJIHMUTEIBHON SHEPrUM — HEMPEeIyCMOTPEHHOE (JI0KHOE) BKIIIOUCHHE

TOH K/;
¢ YBCIIMYCHUCM MACChI TCIIJIOHOCUTCIIA IICPBOr'0 KOHTYpaA:
- HempeaHamepeHHoe cpabarpiBanue ruapoeMrkocteit CAO3;
- HEMpeAaycCMOTpeHHOE (JI0XKHOE) BKJIt0UeHue ojiHoro u3 Hacocos CAO3 B/I;

- HEeNpeIyCMOTPEHHOE (JI0’KHOE) BKIIOUEHHE PE3EPBHOTO MOIMUTOYHOTO HACOCA.

ITPUMEHEHWE MPUHIIUTIA KOHCEPBATUBHOTI' O ITOJAXOJA

Ananus aBapuu, B COOTBCTCTBUU C MPUHIUIIAMU KOHCCPBATHUBHOI'O IIOAXOAA, MPOBOAUTCA C YUCTOM

HauxXyAlel# KOMOMHALIUY CIIEYIOINX apaMeTPOB PEaKTOPHON YCTaHOBKHU:

® BO BpeMs HCXOJHOTO COOBITHSI peakTOopHas ycTaHOBKa HaxonuTcs Ha 0 % HeUTpoHHOMN
MOIIHOCTH  (TemioBass  MOIIHOCTh  peakTopa,  OmpenensieMass  OCTaTOYHBIMHU
TEIUIOBBIICNIEHUSIMH, COOTBETCTBYET 1,02 % HOMUHABHON MOIIIHOCTH);

e TemIeparypa TEIIOHOCHUTENs Ha BXoze B peakTop 67,7 °C (340,7 K);

e jaBieHue B mepBoM KoHType 20 kre/em’ (1,9 MITa).

JlaHHBIe 3HAUCHMs TTApaMETPOB BBHIOPAHBI U3 YCIOBHM pabOThl 000pYIOBAaHUS MPH COCTOSHUH - PY

"XOJIOIHBIN OCTAaHOB".

[Ipu BBITIOTHEHUHN aHAIM30B JJIs1 COCTOSIHUS PY «XOMOAHBIN OCTAaHOBY €MMHUYHBIN OTKa3 B CUCTEMAX
0e3onacHOoCTH PY He mpuMEHsUICS BBULY TUIIOTETUYOCTH aBapHH, a TAK)KE OTPAHUUYECHHOTO KOJTUYECT-

Ba 3aJ€HCTBOBAHHBIX CUCTEM OE30IaCHOCTH.



AHAJIN3 ABAPUI

B pE3yIbTAaTC MPOBCACHUA AHAIN30B ObLIH MOJIY4YCHBI JAHHBIC 110 MCPEXOJHBIM ITpOoLccCaM NpecACTaB-

JICHHBIC B CBOI[HOﬁ Ta6J'II/II_[e 4,

Tabnuua 4 CBoxnas Tabauia napameTpoB cpessl nmpoTekaromeit uepes MITY K/ npu ananuse aBapuit

B cocTogHUU PY «X0JI0IHBINY» OCTAaHOB

Hcxonnoe cobbiTie Max pacxox | COpackiBaeMas cpeaa Max/min Max cko- | Kom-Bo
cpenbl ue- IUIOTHOCT, pOCTb LUKJIOB
pe3 UITY A cpebl,

KJI, xr/c M/C

[Toteps TemnmooTBONA MO BTOPO- 41 A30T, HaChIILIEHHBIN 987/45 31 5

My KOHTYpY (TOTepsi oxmaxnie- nap ¥ Boja, 00beMHOe

HUS TEXHOJOTHYECKOTO KOHAEH- BJIaroCoJIepKaHue —

caTopa) 10 92%

HenpenycmoTpenHoe (J1o3kHOE) 44 A30T, HACBIILICHHBIN 987/45 27 1

BKJITOUeHHe Bcex rpynn TOH nap ¥ Boja, 00beMHOe

KT BJIarocoJiepKaHue —

10 81%
Henpenycmotpennoe (J1o:xHOE) 56 A30T, HaChIILIEHHBIN 987/45 57 OKOJIO
cpabaTeiBaHuE [BYX THUAPOEM- nap ¥ Boja, 00beMHOe 120
kocteit CAO3 BJIarocojiepaHue — cpaba-
1o 100% ThIBa-
HUH 3a
BpeMs
pace Ta
HenpenycmoTrperroe (J10:KHOE) 105 A30T, HACKIIIICHHBIH 987/50 44 OKOJIO
BKJIIOYCHHE OJHOTO M3 HACOCOB map 1 Bojzia, 00beMHOE 40 cpa-
CAO3 B BJIarocoepKaHue — 0atTeI-
10 99% BaHUI
3a Bpe-
M pac-

yera




Hcxonnoe cobbiTie Max pacxox | COpackiBaeMas cpeaa Max/min Max cko- | Kom-Bo
Cpensl de- TJIOTHOCTb, pocTh IIUKJIOB
pe3 UITY A Cpepl,

K/, xr/c M/c

Henpenycmotpennoe (J1o3kHOE) 97 A30T, HaChIILIEHHBIN 981/45 51 30

BKJIFOUCHHUEC PE3CPBHOIO IMOAIHN- nap v BoJa, 00BEMHOE

TOYHOI'O HAacocCa BJIAaroCoJACpIKaHuC —

1o 100%

Kak BuIHO U3 pe3ynbTaToB, IPEICTaBICHHBIX B Tabnule 4, B CIy4ae HEBMEILIATEIbCTBA ONEPATUBHO-

ro TIepCcoHaja B X0/ MPOTEKaHMs Mpoliecca, Hanboyiee HHTEHCUBHOM siBisieTcst padora UITY nipu aBa-

pUH C HENpeIyCMOTpPEHHBIM cpalaTbiBaHMeM Bcex ruapoemkocteit CAO3. OcraHoBHMCS Ha 3TOM

aBapuu OoJiee MoIpoOHO.

Anaym3 padorsl UITY K/l npu aBapum ¢ J105kHBIM cpadaTbiBaHHeM ABYX ruapoemkocreit CAO3

AHanu3 aBapuu MPOBEJCH C UCIOIb30BaHUEM Terutoruapasinueckoro koga RELAPS mod 3.2. Xpo-

HOJIOTHUYECKAasA ITOCICAOBATCIBHOCTE PAa3BUTUA IIpoHCCCa I JAaHHOI'O MCXOAHOI'O COOBITHS aBapumn

npeactarieHa Hwke (Tabmuma 5). ['paduku n3menenus napamerpoB PY kak QyHKIMsS OT BpeMeHH

IIpesicTaBjIeHbl Ha puc. 2-11.

Tabnuma 5- XpoHosorudeckas mocyieIoBaTeIbHOCTh COOBITHI

CoOpiTHE MoOMEHT BpeMeHH, C
HenpennamepeHHOoe OTKpBITHE apMaTypbl Ha TpyOONpoBOJAX CBSI3U 0
I'E CAO3 - peakrop. OOecToueHUE CEKIMU MUTAHUS COOCTBEHHBIX
HyxJ1 6110ka. Otxmrovenne ['TTH
Hcteuenne 6opunoro pacrsopa u3 I'E CAO3 0-130
[TepBoe otkpeiTrie UITY K/, poct naBieHus u temmepaTypsl B 6ap0o- 5
TaXHOM Oake, MajieHue TaBJICHUS MEPBOTO KOHTypa, TEMIEPATyphl B
KA
Pa3peiB mpenoxpanuTenbHOH MeMOpaHbl B 0apOoTas)kHOM Oake 12
3anycK Jau3eNnb-TeHEPaTOPOB, BBEJICHHUE B JACHCTBUE MPOTpaMMBbl CTY- 18
NEHYaTOr0 IMycKa. 3alyCK HACOCOB PAacXOJaKMBAHUS depe3 TEeXHOJIO-
TUYECKUN KOHAEHCATOP
3amycKk HaCOCOB TE€XBOJIbl OTBETCTBEHHBIX MOTPEOUTENICH 33
[ToBTOpHOE HcTeuenue cpeapl u3 I'E CAO3 220-245, 310-325, 520-
540, 27770-2790, 4740-
4780, 11100-11140
3anonnenue KJ| 4680
Koner pacuera 15000

B ncxoaHOM COCTOSTHUM 3HEProOJIOK HaXOAUTCS Ha HyJleBoM ypoBHe MouiHocTH. B KJI coznana azot-

Has noxymka. Tpu maporeneparopa, UCHOJIb3yeMbIe JJIs PAacX0JlaKUBaHUS, 3aTI0JTHEHBI BOIOM.




ITporcxoauT J0XKHOE OTKPBITHE apMaTypbl Ha TpyOONpOBOAAX MOJAaYM OOPHOrO pacTBOpa U3 ABYX
ruapoeMkocteit CAO3 B peaktop. bopupoBanHas Boja naBieHueM azora 60 kre/em” (5,89 MITa) BbI-

TECHSETCSl B PEAKTOp C JaBJIECHUEM IEPBOro KoHtypa 20 xre/em” (1,96 MITa). Bospacraer ypoBeHb B
K.

[TpoucxoauT obecTounBaHKWE CEKIMHM NMUTaHUs coOCTBeHHBIX HYx1. Otkmouatorcs ['IIH. TIpounsso-
IuTcs pa3BopoT /1" ¥ BBIIIOJIHEHUE ITPOrpaMMBbl CTYIIEHYATOr 0 IIyCKa B PEKMME IIJIaHOBOI'O Harpy»xe-

Hus. Ucreuenne cpeast u3 I'E CAO3 npoaomkaercss 10 MOMEHTA BEIPaBHUBAHUS JaBJICHHUS.

[Ipy HOBBILICHHH HABJICHHUS MEPBOro KoHTypa 10 50,0 kre/em’ (4,9 MIla) orkpsiaeres WITY KT
[TpoucxoauT ncTeueHne TEINIOHOCHUTENS MepBoro KoHTypa u azota vepe3 UITY K]l u tpybonposon
cObpoca mapa B 6ak-6apootep. [To mpuunne TOrO, YTO a30T, HaxomsAIMiicsa B K/I, siBisieTcss HEKOH IeH-
CHpPYEMOH CpeJloif, MPOUCXOAUT PE3KUN pOCT JaBlieHUs B 6apOoTa)kHOM Oake W pa3pbIB IpeIoXpaHu-
TeTpHON MeMOpaHbI Oaka-0apboTepa ¢ BeIOpocoM cpesbl B momemenue ookca [T, Tlagenne napinenus

B MIEPBOM KOHTYpPE BbI3bIBAaET MOBTOpPHOE UcTeueHue cpennbl u3 I'E CAO3.

B IEPBOM KOHTYPC YCTAHABJIMBACTCS CCTCCTBCHHASA LUPKYJIALIUA. YXy,Z[LHeHI/Ie TCIJIOOTBOAAa OT akK-
TUBHOW 30HBI BBI3bIBACT JAJIbHEUIIUN POCT NABJICHUS U TEMIIEPATYPHI B IEPBOM KOHTYPE U YPOBHS B
KJI, uro BeI3bIBaeT MHOrokpatHoe oTkpbiTue MIIY K] m mocnenyromee uctedenue cpenbl u3 I'E

CAO3.

Ilepuognueckoe otkpeite MITY KJI mo3BonisieTr moajaepKuBaTh AaBJIEHHWE IEPBOrO KOHTypa Ha

ypOBHE HE BbIlIe ycTaBku cpabareiBanus UITY K]l - menee 50 kre/em? (4,9 MITa).
VYposens B K/ nocrenenno nossimaercs u KJI 3anonHsercst mogHOCTBIO.

JleiicTBHsI epcoHaIa 3aKII0YAlOTCS B BBISICHEHUU MPUYHH OTKPBITHS apMaTyphl Ha TPyOONpOBOIE OT
I'E CAO3, xoHTposie mapamMeTpoB TEIJIOHOCUTENS MEPBOr0 KOHTYpa M TEIJIOOTBOJAA 4YEpEe3 BTOPOU

KOHTYD.

Pacuer npekpaiien Ha 15000-#1 cexyHae npoTekaHUs aBapuu.
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Pucynok 4 - 3aBUCMMOCTbH TeMIIEpaTyphl TEMJIOHOCUTENSI B PEAKTOPE OT BPEMEHU

Discharge of Safety Injection Accumulators

Temperatures of liquid and steam phases of pressuriser
G00.0

57010 S USSP St SO SOOI SHSPR S

— Licuid
m—= Steam

L s B B T

200.0
0.0 5000.0 10000.0 15000.0

Time (s)

Pucynok 5 - 3aBucumocTs TemMnepaTypsl xkuAKOCTH U tapa B KJI ot BpeMeHn



Pressure (Pa)

Discharge of Safety Ingection Accumulators
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Pucynok 8 - 3aBUCMMOCTB MIIOTHOCTH cpelibl, TpoTekarouien uepes UITY KJI, ot Bpemenu
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Pucynok 9 — 3aBHCHUMOCTH 00BEMHOTO BJIArocoepKaHus cpeibl, mpoTekatomieit uepes UITY KJI, ot

BpEMEHU
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Discharge of Safety Injection Accumulators
Pressurizer Safety Valve integral flow rate
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Pucynok 10 — 3aBucumocts pacxoaa cpensl uepe3 UITY K[ ot Bpemenu

Discharge of safety injection accammulator
Hydro accumulator flow rate (fragment)
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BBIBOIBI

B paccMoTpeHHOM pexuMe ¢ JOXKHBIM cpabarbiBaHueM runapoemkocteii CAO3 naBieHue B IEpBOM
KoHTYpe He mpesbimaer 50 kre/cm? (4,9 MITa) B COOTBETCTBHE C IIPHHSTHIM KPHTEPHEM II0 COIIPO-

TUBJICHUIO XPYITKOMY pa3pyIICHUIO KOpITyca peaKTopa.

B npouecce aBapum nocruraercst ycraBka cpadareiBanus UITY KJI. B manHoMm pexume mapaMmeTpsl

NITY KJI noimKHBI COOTBETCTBOBATH CIEAYIOIIUM TPEOOBAHUSAM:
® yacToTa cpadaThiBaHUs — MPUOIUZUTEITHHO KAK/bIC JBE MHUHYTHI;
e UHTErpaibHbIA pacxon cpeabl uepes MITY k koHiry pacuera cocraisietr moutu 20000 kr;
® COCTaB Cpebl — CMECHh BOBI U T1apa C Biarocojiepxanuem, 6au3kum K 100%:;
® MaKCHMaJIbHasi CKOPOCTb MapOBOISTHONW cMecH — 57 M/c;

® IUIOTHOCTH cpenbl, mnpotekawomet uepez MWIIY KJI, HaxomuTcs B mpenenax

900-1000Kr/M’.

JlaHHBIN peXuM SBJsIETCS. Hanbosiee «KPUTUYECKUM» C TOUKU 3PEHHUS HArpy30K, PacXo/J0B U YaCTOThI
cpabareiBanus UITY KJI. CnenoBaTenbHO, JaHHBIE IO JaHHOMY PEXHUMY JOJDKHBI OBITH MCIIOIB30Ba-
HBI 17151 o6ocHoBaHus KoHCTpykuuu UITY K1, [Ipuuem, kak BUIHO U3 4yacToThl cpabaTeiBanus UITY
pu paboTe Ha HECKUMAEMOU KHUIAKOCTH (BOEC), TAKOW PeKUM (HYHKIIMOHUPOBAHUS MOXKET MTPUBECTH
K Beixoay u3 crpost UITY KJI make mpu oqHOKpaTHOM BO3HUKHOBEHHH JTaHHOTO pekuma. Jlist nzoe-
KaHUS TOAOOHBIX PEXKHMOB HEOOXOIMMO IMPEIyCMOTPETh MEPHI, KOTOpbIE OBl MPEAOXPaHsIN CaMo

NITY K]I oT 4acToro OTKphITHS.

[IpoBeneHHBIN aHaNMM3 TMOKa3bIBA€T BO3MOXKHOCTH TMPUMEHEHHUs TEIUIOTUIPABINYECKOr0 KoJa
RELAPS mod. 3.2 mist mpoBeieHHUsT MHTETPAIBHBIX pacuyeToB mapameTpoB PY B cocTosHUM «X0J10.1-
HBIN 0CTaHOBY. [loyd4eHHBIE aBTOpPaMU PE3yJIbTaThl COIIACYIOTCS ¢ KAU€CTBEHHBIMU OLICHKAMHU U MO-
ryr 6I>ITB HCIIOJIb30BAHBI KAK UCXOAHBIC JAHHBIC JJIS NPCAbABICHUA TCXHUYCCKUX Tpe6OBaHHI>'I K KOH-

crpykuuu UITY K/, a Takxe miis mpoBeaeHUs pacueToB TpyoonpoBoaoB UITY Ha mpoyHOCTH.
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HOpwuit CanosxHUKOB
Ananusz 3awumsr nepsoco konmypa PY BBIP-440 om xon00HoU nepeonpeccoku ¢ npumeHeHuem Ko-
0a RELAPS5 mod 3.2.

B JOKJIaac paCCManI/IBaIOTCH IIOAXO0AbI HpH BBIITIOJIHCHUU aHAJIN30B 6630HaCHOCTI/I, CBs3aHHBIX C 3a-
IIUTON TEPBOTO KOHTYpa OT XOJIOJHOM TMEPEONnpecCOBKH, U METOJbI, MPUMEHSIEMbIC TIPH dTOM. JlJis
pvaeTHoro 060CHOBaHI/I$I npezmoxceHHbe MCETOAUK I/ICHOJIBByeTC}I TGHJIOFI/II[paB.HI/I‘-IGCKI/Iﬁ KO
RELAPS mod 3.2. B kauecTBe HCXOIHBIX COOBITUHN JIJIsl MPOBEICHUS aHAIIM30B MPUHSTHI CIEAYIOIINE
COOBITHS:

® C YMEHBIIEHUEM TEIJIOOTBOJA CO CTOPOHBI BTOPOTO KOHTYypa — IMOTEpsS OXJIaXKIEHUs
TEXHOJIOTUYECKOTO KOHJIEHCATOPa,

® C BBEJCHHUEM JOINOJIHUTEIBLHON SHEPIrUU — HENPEAYCMOTPEHHOE (JIOXKHOE) BKIIIOUYEHUE
TOH K/I;

® C yBEIMYEHHEM MACChl TETUIOHOCUTEINSI IEPBOTO KOHTYpA:!
- HempeaHamepeHHoe cpabarpiBanue ruapoeMrkocteit CAO3;
- HEMpeaycMOTpeHHOE (JI0XKHOE) BKJItOUeHUE ojiHoro u3 HacocoB CAO3 B/I;
- HempeayCMOTPEHHOE (JI0KHOE) BKIIIOUEHHE PE3EPBHOIO MOMUTOYHOTO Hacoca.

Ha ocHoBe pe3ynbTaToB, OTYYSHHBIX C TIOMOIIBIO Terutoruapasnudeckoro koga RELAPS mod 3.2,
MPUBOJIATCS PEKOMEHJAMN U TpeOoBaHUs K o0opynoBanuio PY s obecrieyeHus 3alIUThI IEPBOTO
KOHTYpa OT IIEPEOIPECCOBKU B XOJIOJHOM COCTOSIHUH.

Yuriy Sapozhnykov

Analysis of NSSS WWER-440 Primary Circuit Protection against Cold Overpressure Using Computer
Code RELAPS Mod3.2

The approaches and methods of the safety analyses performance studied concerning primary circuit
protection against cold overpressure. For the computational assessment of the suggested
methodologies the thermohydraulic computer code RELAPS5 Mod3.2 was applied. As the
representative initiating events, the following cases were analyzed:

e Secondary heat removal reduction events: loss of the technological condenser;
e Additional energy insertion: inadvertent (spurious) PRZ heaters operation;
e Primary inventory increasing:

- inadvertent (spurious) ECCS hydroaccumulators discharge;

- inadvertent (spurious) start-up of one HPIS pump;

- inadvertent (spurious) start-up of the spare make-up pump

On the basis of the results obtained, the recommendations and the requirements to the NSSS
equipment are developed to provide primary system protection against cold overpressure.
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